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CLAIMS 



We claim: 

j). A method(for determining the work of the heart of a livip§^5eind, said method 
comprising determining the viscosity of the blood circulatjp^within the living being. 

2. The method of Claim 1 wherein said m^tKod comprises the steps of: 

(a) measuring the viscosity|^h§x:irculating blood of the living being 
over a plurality of shear rat^s; 

(b) detecting^ pressure pulse of the heart of the living being; and 

(c) determining the work of the heart from a combination of said 
viscosity of the circulating blood of, and the pressure pulse of the heart of, the 

zing being. 

3. The method of Claim 2 wherein said step of determining the \A^*r6f the heart 
(WOH) is defined as: 



WOH = 



nd* \P\t) 



1287X I ju(t) 



-dt 



where: 



T is a period of on^cardiac cycle; 
P(t) is the presgdre pulse of the heart; 

d representee average inside diameter of the entire vascular system from 
the heart'to the vein; 

L repp^sents the average length of blood vessels from the heart 
"io vein; and 

/ju(i) is said viscosity of the circulating blood over a plurality of shear rates. 



A method for determining the rate o 



being, said method comprising detecti 




blood from the heart of a living 



re pulse, of the heart. 




5. The method of Claim 4 wherein said method of determiningthie-fate'of ejection of 
the blood from the heart further comprises the step^ot^tel^rrnining the rate of change over 
time of said pressure pulse of the hea0£affflTe beginning of the pressure pulse. 

6. A method for redupin^endoth^liaTcell dysfunction in a living being which is caused 
by oscillating flpw^of the circulating blood of the living being, said method comprising the 
ste^^feducing the rate of ejection of the blood from the heart of the living being. 

7. The method of Claim 6 wherein said step of reducing the ratepf-ejection of the 
^yivod from the heart comprises administering a p-blocker to jljeHtving being. 

8. The method of Claim 6 wherein said step^eT -educing the rate of ejection of the 
blood from the heart comprises minimizip§^6r eliminating smoking by the living being. 

9. The method of ClaimjS^herein said step of reducing the rate of ejection of the 
blood from the heart cpnlprises minimizing or eliminating the ingestion of caffeine by the 
living being. 

iprThe method of Claim 6 wherein said step of reducing the rate of ejection of the 
tjjetfki from the heart comprises ingesting of alcohol by the living being. 

11. A method for reducing endothelial cell dysfunction in a living being whichH^ 
caused by oscillating flow of the circulating blood of the living being^jaidirrffhod comprising 
the step of reducing the viscosity of the circulating blpoct^fthe living being. 

12. The method of Claim 11 wjjefgin spid\s#p of reducing the viscosity of the 
circulating blood of the living^&fflg comprises administering blood viscosity reducing drugs 
to the living being^^ 

13^Pfie method of Claim 12 wherein said blood viscosity reducing drugs comprises 
cholesterol lowering drugs. 
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14. The method of Claim 11 wherein said step of reducing the viscosity of the 
circulating blood of the living b^rfg comprises administering fish oil to the living being. 

15. The method of Claim 11 wherein said step of reducing the viscosity oUfie 
circulating blood of the living being comprises performing blood letting on the liwlg being. 

16. A method for reducing endothelial cell dysfunction in a living Jzfeing which is 
caused by oscillating flow of the circulating blood of the living being, saicHriethod comprising 
the steps of reducing the rate of ejection of the blood from the heart of the living being and 
reducing the viscosity of the circulating blood of the living bejffg. 

M. A method for determining a hematocrit of bloop circulating within a living being, 
said method comprising optically counting red blo<ra cells in a known volume of the 



circulating blood where red blood cells and pla 



have not been artificially separated. 



dpptjcally counting comprises: 



18. The method of Claim 17 wherein ss 

(a) diverting the circulating/6loo3 through a transparent conduit of 
known dimensions; and 

(b) analyzing an imaa§ of said diverted circulating blood through said 
transparent conduit to qjzfunt the number of red blood cells in said diverted 
circulating blood. 

19. An apparatus/or determining the hematocrit of the circulating blood of a living 
/ / 

being without having Jlo separate red blood cells from the plasma of the circulating blood, 
said apparatus comprising an optical analyzer. 

20. The>apparatus of Claim 19 wherein said optical analyzer comprises: 
a transparent conduit for conveying the circulating blood therethrough; 
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a light source for illuminating a predetermined portion of said condy 



and 



red blood cell detector for counting the number of red bipod cells 
passing through said illuminated predetermined portion of saicLconduit. 

21. The apparatus of Claim 20 wherein said red blood cetf detector comprises a 
charge coupled device and associated image processing softytfare. 

22. A method for determining a plasma viscosity ofrthe circulating blood of a living 
being, said method comprising analyzing a single shear/ate of flowing plasma, said plasma 
comprising a non-centrifuged sample of the circulating blood. 

23. The method of Claim 22 wherein saici analyzing comprises: 



(a) providing a plasma samp 



level; 



in a first container at a first pressure 



(b) providing a second container having a known initial internal 
pressure level lower than t^e first pressure level; 

(c) establishing fluid communication between said first container and 
said second container via a lumen having known dimensions; 

(d) detecting a rate of plasma volume change in said second container 
when said fluicf communication is established; and 

(e) determining the plasma viscosity from the rate of plasma volume 
change, tne known dimensions of the lumen and a difference between the first 
pressure level and the intial internal pressure. 
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24. An apparatus for determining the viscosity of the plasma of the circulating blood 
of a living being without the need to centrifuge a portion of the circulating blood 9ffhe living 
being and utilizing single shear rate analyzer. 

25. The apparatus of Claim 24 wherein said single shear rate analyzer comprises: 

a first vacutainer for creating a plasma sample from/me portion of the 
circulating blood and storing it at a known first pressure level; 
a lumen having known dimensions; 

a second vacutainer having a known injtfal internal pressure level lower 
than said first pressure level; 



a detector for detecting the y 
vacutainer when said lumen is cojdpled 



t^of^yblume change in said second 
between said first vacutainer and said 



second vacutainer; and 

a calculator for determining the viscosity of the plasma from said rate 

of volume change, saW known dimensions of said lumen and the difference 

of said first presage level and said initial internal pressure. 

26. The apparatus of Claim 25 wherein said first vacutainer comprises a porous 
medium therein tnat separates said first vacutainer into a first chamber and a second 
chamber, samirst chamber for receiving a portion of the circulating blood of the living being 
therein ancrsaid porous medium retaining the red blood cells within said first chamber while 
permitting the plasma in said portion of the circulating blood to pass through into said 
second chamber. 
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27. The apparatus of Claim 25 wherein said calculajpp^termines the plasma 
viscosity, ju P , utilizing the following equation: 



ndr AP 




12SQL 




20 



where: 

d is the inn^ diameter of said lumen; 
L is thejength of said lumen 
Q iss^id rate of volume change; and 

Ap'ls said difference of said first pressure level and said initial internal pressure. 

28. A method for estimating blood vessel wall shear stress in high and low shear 
areas of a blood vessel bifurcation of a Ij/ving being by correlating a blood viscosity 
parameter with a blood pressure paramete/ 
/ iffi i 29 - The method of Claim 28 wherein said sten5 of correlating a blood viscosity 

vb/v / / 

parameter with a blood pressure parameter comprisess the steps of: 

(a) determining a first viscosity profile^of the circulating blood of the 
living being over a plurality of shear rates ada a second viscosity profile of the 
circulating blood of a healthy living beingover said plurality of shear rates for 
use as a reference; 

(b) defining a blood viscosity parameter that comprises: 

(1 ) a high shear rate blood viscosity component based on 
high shear rate blood yiscosity values from said first and second 
viscosity profiles; 
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(2) a low shear blood viscosity component based on low 
shear rate blood viscosity values frpm said first and second 
viscosity profiles; and 

(3) a component representing the thrombotic tendency of 
the blood; 

(c) defining a blood pressure parameter that comprises: 

(1) an average blood pressure term; and 

(2) a rate of ejection of/blood from the heart of the living 
being; and 

(d) providing a matrix having a plurality of said blood viscosity 
parameters along a first axis fif said matrix and a plurality of said blood 
pressure parameters along a second orthogonal axis and wherein the 
intersection of any one of saidf plurality of said blood viscosity parameters and 
any onejDf^said plurality of said blood pressure parameters specifies a 
particular high wall shear syess and low wall shear stress. 

^V^30. The method of Claim 29 wherein said high shearj^te blood viscosity component 



comprises a ratio of a blood viscosity value from said first viscosity profile at a high shear 

/ 

rate to a blood viscosity value from said second viscosity profile at said high shear rate. 

/ 

31 . The method of Claim 29 wherein said low shear rate blood viscosity component 

/ 

comprises a ratio of a blood viscosity value from said first viscosity profile at a low shear rate 
to a blood viscosity value from said second viscosity profile at said low shear rate. 
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32. The method of Claim 29 wherein said component representing the thrombotic, 
tendency of the blood comprises a ratio between an angle formed between said first^an^l 
second viscosity profiles to a predetermined value. / / 

^ 33. A method for analyzing the viscosity of the circulating blood of a living beipfg, said 
method comprising the steps of: 

(a) determining viscosity data of the living being's circulating bipod for 
a plurality of shear rates over a test run time; 

(b) segmenting said test run time into a plurality of time segments; and 

(c) generating a blood viscosity profile for each of saija time segments 
from the beginning of said test run until the end of /each of said time 
segments. 

34. The method of Claim 33 further comprising the/steps: 
(a) plotting each of said blood viscosity profiles on a common log 

| viscosity vs. log shear rate graph; and 

| (b) utilizing the spatial relationships between each of said blood 

1 7 

viscosity profiles for diagnostics and treatment of the living being. 

35. The method of Claim 34 further/comprising the steps of developing and testing 
drugs that alter the living being's blood Viscosity to achieve Newtonian type performance at 
high shear rates. 

36. The method of Claim34 further comprising the step of obtaining coagulation and 
clotting information from blood viscosity profiles. 
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37. An apparatus for automatically determining the surface tension of the circulating 
blood of a living being, said apparatus comprising a blood column height determinator based 
on capillary rise. / 

j3 / 38. The apparatus otSCIaim 37 wherein said column height determinator comprises: 
a lumen having^ first end vented to atmosphere and a second end 
coupled to one port of a valve, said valve having a second port coupled to a 
source of circulating blood of the living being; 

a reservoir, ventep to atmosphere, having an input coupled to a third 
port of said valve; 

a detector for morlitoring a fluid level in said lumen; and 
wherein said valve is first operated to direct the circulating blood into 
said lumen to form a column of blood and wherein said valve is then operated 
to isolate said circulating blood from said lumen while coupling said lumen and 
said reservoir in fluid com nunication to form a falling column of blood in said 
lumen, said detector detecting the final position of said falling column of blood. 

39. The apparatus of Claim 38 wherein said apparatus further comprises an overflow 
reservoir in fluid communication with said first reservoir through an aperture, said overflow 
reservoir collecting blood that exceeds a predetermined volume of blood in said reservoir 
from said falling column. 

40. The apparatus of Claim 39 vyKerein said detector is positioned at a predetermined 
height above said aperture. 
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41. The apparatus of Claim 40 further comprising a processq/for calculating the 
surface tension of the circulating blood according to the following^ 



a = 



pdhg 



where: 

a = surface tension (N/m) y t ^ 

p = blood density (g/m 3 ) 
d = lumen inside diameter (m) 

h = the distance between said aperture and said final position of said falling column of 

blood (m); and / 
g= gravitational constant/ 

42. A method for determining whether a drug reduces or increases the suj 
tension of the circulating blood of a living being, said method comprising the steps of: ^ 

(a) determining the surface tension of the circulating blopdof a living 
being utilizing a blood column height determinator basejl^dn capillary rise; 

(b) administering a drug to the living beiiw^nd 

(c) re-determining the surface teiji^idri of the circulating blood of the 
living being utilizing said blood zo\\^mmk^k\ determinator to see the change 
in the surface tension. / 

43. A method for impro\ring blood perfusion to the lower extremeties of a living being 
experiencing peripheral^rterial disease, said method comprising the steps of: / 

(a) determining the viscosity of the circulating blood of the living being 
over sKrange of shear rates; 



57 



A 




(b) reducing the viscosity of the circulating blood by administering a 
substance to the living being^^ and 

(c) re-determiping the viscosity of the circulating blood of the living 
being over saitfrange of shear rates to verify said reduction in the viscosity. 

44. An apparatus for determining the deformability of red blood cells of the circulating 
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being closed at its other end for 



3f5es 




blood of a living being, said apparatus comprising a plurality of tubes closely adjacent one 
another and each having an inner diameter different from its neighbor, each of said plurality 
of tubes having an opening exppsed to a flow of circulating blood and each of said tubes 

ollecting red blood cells therein. 

45. The apparatus of Claim 44 v^retfT^aid plurality of tubes are arranged 
sequentially from the smallest hpef^nrcter to the largest inner diameter. 

46. The apparatus of Claim 44 wherein the inner diameters of said plurality 
is within the range of 1|jm to 10pm. 

47. The apparatus of Claim 44 further comprising: 
an illuminator for passing light through eaeffone of the plurality of tubes 

as they collect red blood cells in acporaance with their respective inner 
diameters and wherein respectiy^light rays, of varying degrees of redness 
corresponding to the am^tint of red blood cells collected in each of said 
plurality of tubes, ecrterge from said plurality of tubes; and 

a redness color detector for detecting the degree of redness of each of 
said em@fx)ing light rays corresponding to each of said plurality of tubes. 
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48. An apparatus for detecting the lubricity of the circulating blood pra living being 
as the blood travels through the vascular system of the living J>£ing, said apparatus 
comprising: 

(a) a transparent tube for passing a fajtfrig column of the circulating 
blood of the living being; 

(b) an illuminator for direcjfij$ light at a portion of said transparent tube 
that contains a residue leftj^sdid falling column; 

(c) a detectop/for detecting any light that passes through the 
transparent tub^and residue and generating corresponding detection data; 
and 

(d) calculator for receiving said detection data and generating a lubricity 
virtue based on said detection data. 

49. The apparatus of Claim 48 whereiffsaid detector comprises a charge coupled 
device chip that generate pixeK?ray scale values for said detection data. 

50. The apparatus of Claim 49 wherein said calculation means comprises a 
processor and wherein said processor averages all of said pixel Gray scale values to 
generate said slipperyness value. 

^51. An apparatus for effecting the viscosity measurement of circulating 
living being, said apparatus comprising: 

a lumen arranged to be coupled tc/jbe-tfascular system of the being; 
a pair of tubes haviimjes^ective nest ends coupled to said lumen for 
receipt of circul^tiFrgmood from the being, one of said pair of tubes comprising 
a cjjpfflary tube having some known parameters; 
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a valve for controlling the flow of circulating blood from the Jreing's 
vascular system to said pair of tubes; and 

an analyzer, coupled to said valve, for controlling sakf valve to permit 
the flow of blood into said pair of tubes whereupon th^olood in each of said 
pair of tubes assumes a respective initial positiopnA/ith respect thereto, said 
analyzer also being arranged for operating said valve to isolate said pair of 
tubes from the being's vascular systerc/and for coupling said pair of tubes 
together so that the position of the^lood in said pair of tubes changes, said 
analyzer also being arranged for monitoring the blood position change in at 
least one of said tubes and calculating the viscosity of the blood based 
thereon, said analyzer/comprising an indicator that generates an indication as 
to movement of the blood in at least one of said pair of tubes. 
52. The apparatus of Claim 51 wherein said indicator comprises a flashing light 
whose flash rat^/is proportional to the movement of blood in at least one of said pair of 
tubes. 

53/The apparatus of Claim 51 wherein said indicator comprises a speaker and a 
soungKcard that generate a sound having a frequency that is proportional to the movement 
ofblood in at least one of said pair of tubes. 

54. An apparatus for effecting the viscosjjy^measurement of circulating blood in a 
living being, said apparatus comprij 

a lumen appafiged to be coupled to the vascular system of the being; 
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a pair of tubes having respective first ends and second ends, said fire 
ends being coupled together via a capillary tube having some ^Known 
parameters; 

a valve for controlling the flow of circulating blood/from the being's 
vascular system to said pair of tubes, said valve being coupled to a second 
end of one of said pair of tubes and being coupled to said lumen; and 

an analyzer, coupled to said valve, fo/controlling said valve to permit 
the flow of blood into said pair of tubes Whereupon the blood in each of said 
pair of tubes assumes a respectiv^initial position with respect thereto, said 
analyzer also being arranged/f 5r operating said valve to isolate said pair of 
tubes from the being's vas^lar^fem so that the position of the blood in said 
pair of tubes changes/said analyzer also being arranged for monitoring the 
blood position change in at least one of said tubes and calculating the 
viscosity of the blood based thereon, said analyzer comprising an indicator 
that generates an indication as to movement of the blood in at least one of 
said pair of tubes. 

5p. The apparatus of Claim 54 wherein said indicator comprises a flashing light 
who^e flash rate is proportional to the movement of blood in at least one of said pair of 
J^ibes. 
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56. The apparatus of Claim 54 wherein sai£J«dicator comprises a speaker and a 
sound card that generate a sound having^trequency that is proportional to the movement 
^ of blood in at least one of said p#Tr of tubes. 
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